Features

* 512K x 36 or 1M x 18 organization
* CMOS technology

¢ Double-data-rate and single-data-rate synchro-
nous mode of operation

¢ Pipeline mode of operation

¢ Self-timed late write with full data coherency
* Single differential clock

* 1.8V high-speed transceiver logic (HSTL) I/O

e 2.5V power supply, 1.8V Vppq

Description

The IBM043616CBLBC and IBM041816CBLBC
16Mb SRAMSs are synchronous pipeline-mode, high-
performance CMOS static random-access memo-
ries that have wide I/O and achieve 2.2ns cycle
times. Single differential CK clocks are used to ini-
tialize the read/write operation, and all internal oper-
ations are self-timed. At the rising edge of the CK
clock, addresses and controls are registered inter-
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IBM043616CBLBC
IBM041816CBLBC

16Mb (512K x 36 & 1M x 18) SRAM

* Reqgistered addresses, controls, and data-ins

¢ Burst mode of operation

e Common I/O
¢ Asynchronous output enable

* Boundary scan using a limited set of JTAG
1149.1 functions

* 9x 17 bump ball grid array package with SRAM
JEDEC standard pinout and boundary SCAN
order

¢ Programmable impedance output driver

nally. Data-outs are updated from output registers
on the next rising and falling edges of the CK clock,
hence the double data rate. Internal write buffers
allow write data to follow one cycle after addresses
and controls. The SRAM is operated with a single
2.5V power supply and is compatible with HSTL 1/0
interfaces.
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IBM043616CBLBC
IBM041816CBLBC

16Mb (512K x 36 & 1M x 18) SRAM

x36 BGA Bump Layout (Top View)
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1. Connect the Mode pin to Vgg. The Mode pin has a very small pull down, less than 5uA current at Vpp input.

2. ESD protection diodes reside on this NC bump.

x18 BGA Bump Layout (Top View)
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1. Connect the Mode pin to Vgg. The Mode pin has a very small pull down, less than 5uA current at Vpp input.

2. ESD protection diodes reside on this NC bump.
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Pin Description

SA0-SA19 ing addresses)

DQ0-DQ35 Data I/0

CcQ,CQ Differential Echo Clocks
CK, CK Differential Input Register Clocks
B1 B1 = 0 initiates a Load operation
B2 B2 = 0 initiates a Write operation
B3 B3 = 0 Double Data Rate,
B3 = 1 Single Data Rate
Linear Burst Order (LBO = 1, interleave
LBO mode; LBO = 0, linear mode), (can be tied to

Vpp Or Vss)

TMS, TDI, TCK | IEEE 1149.1 Test Inputs (LVTTL levels)

Ordering Information

Part Number
IBM043616CBLBC-22
IBM043616CBLBC-24
IBM043616CBLBC-27
IBM043616CBLBC-30
IBM041816CBLBC-22
IBM041816CBLBC-24
IBM041816CBLBC-27

IBM041816CBLBC-30

CBLBCds.fm.00
June 3, 2002

Address Input (SAO—SAT1 burst-control start-

Organization

512K x 36
512K x 36
512K x 36
512K x 36
1M x 18
1M x 18
1M x 18

1M x 18

TDO IEEE® 1149.1 Test Output (LVTTL level)
G Asynchronous Output Enable
Mode Pin. Connect to Vgg. A waiver to float Mode
MODE may be obtained; contact your field applications
engineer (FAE).
VRer HSTL Input Reference Voltage
Vbp Power Supply (2.5V)
Vss Ground
Vbbpa Output Power Supply
ZQ Output Driver Impedance Control
NC No Connect
Cycle Time (ns) Package
2.2 9x 17 BGA
2.4 9x 17 BGA
2.7 9x 17 BGA
3.0 9x17 BGA
2.2 9x 17 BGA
24 9x 17 BGA
2.7 9x 17 BGA
3.0 9x 17 BGA

IBM043616CBLBC
IBM041816CBLBC
16Mb (512K x 36 & 1M x 18) SRAM
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IBM043616CBLBC
IBM041816CBLBC
16Mb (512K x 36 & 1M x 18) SRAM

Block Diagram (x36 Double Data Rate Mode)
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IBM043616CBLBC
IBM041816CBLBC
16Mb (512K x 36 & 1M x 18) SRAM

SRAM Features
Double Data Rate (DDR) and Single Data Rate (SDR) Modes

The timing diagram on page 6 shows input and output data placements for both DDR and SDR modes. In
DDR read mode, two sets of data-outs are generated from the second rising and falling edges of the CK
clock, assuming the first rising edge of the CK clock samples the base address. The first of the two data-out
sets (DOUT-A) is generated from the sampled base address (Base-A). The second data-out set (DOUT-A’) is
generated from the next burst-order address, according to the burst-order definition. Similarly, a DDR write
requires data-in placement on the second rising and falling CK edges. In SDR read mode, only one set of
data-outs is generated from the second rising CK edge. In SDR write mode, one set of data-ins is sampled on
the second rising CK edge. The user may switch from DDR to SDR mode (or vice-versa) during any LOAD
(B1 = 0) operation.

Late Write

The late-write function allows write data to be registered one cycle after addresses and controls. This feature
eliminates one of two bus-turnaround cycles normally required when going from a read to a write operation.
Late write is accomplished by buffering write addresses and data. The SRAM array update occurs during the
third write cycle. Read-cycle addresses are monitored to determine if read data is to be supplied from the
SRAM array or the write buffer. Full data coherency is maintained for both DDR and SDR operations. As a
result, NOP (write buffer flush) operations are not required going from write cycles to read cycles.

Echo Clocks

Echo clocks CQ and CQ are generated from rising and falling edges of the CK clock, with access times repre-
sentative of the data-outs. Echo clocks keep running during write and NOP operations. Echo-clock operation
is identical for both double-data-rate and single-data-rate operations. The close tracking of echo clocks and
data-out timings allows the echo clocks to be used as capture clocks for the data-outs by the receiving
device.

CBLBCds.fm.00
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IBM043616CBLBC
IBM041816CBLBC
16Mb (512K x 36 & 1M x 18) SRAM

Timing Diagram: Double Data Rate and Single Data Rate Modes
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| | | |
DQ: DDR WRITE —‘7<DIN-A DIN-A’ DIN-B DIN-B’>

| | w | ;
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l | | !

Programmable Impedance and Power-Up Requirements

An external resistor, RQ, must be connected between the ZQ pin on the SRAM and Vgg to allow the SRAM to

adjust its output driver impedance. The value of RQ must be five times the value of the intended line imped-
ance driven by the SRAM. The allowable range of RQ to guarantee impedance matching with a tolerance of
15% is between 1750 and 350Q. Periodic readjustment of the output driver impedance is necessary because
the impedance is affected by drifts in supply voltage and temperature. One evaluation occurs every 64 clock
cycles, and each evaluation may move the output driver impedance level one step at a time towards the opti-
mum level. The output driver has 64 discrete binary weighted steps. Impedance updates for zeros occur
whenever the SRAM is driving ones for the same DQs; impedance updates for ones occur whenever SRAM
is driving zeros for the same DQs. Updates of both zeros and ones occur when the SRAM is High-Z. Further-
more, to guarantee the output driver impedance, the SRAM requires 2048 clock cycles and a Read ‘0’ and
Read ‘1’ or a Read ‘1’ and a Read ‘0’ across all used outputs. The RC time constant of the loaded RQ trace
must be less than 3ns.

Power-Up and Power-Down Sequences

The power supplies need to be powered up in the following sequence: Vpp, Vppq, VRrer, followed by inputs.
The power-down sequence must be the reverse. Vppq must not exceed Vpp.

Initial Writes

DQ and CQ timings will not be guaranteed until at least two write cycles are performed. These cycles can be
part of the programmable impedance initial cycles.

CBLBCds.fm.00
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IBM043616CBLBC
IBM041816CBLBC
16Mb (512K x 36 & 1M x 18) SRAM

Function Control

The function control is dependent on the state of the three function control pins (B1, B2, and B3), captured
when CK transitions from low to high as described in the following table (“n” refers to the current cycle and
“n-1” refers to the previous SRAM cycle).

B1 (n-1) B2 (n-1) | B3 (n-1) | B1(n) B2 (n) B3 (n) Function (n)
X X X 0 0 0 Load New Address, Double Data Rate (DDR) Write
X X X 0 0 1 Load New Address, Single Data Rate (SDR) Write
X X X 0 1 0 Load New Address, DDR Read
X X X 0 1 1 Load New Address, SDR Read
0 0 0 1 1 X Continue Burst, DDR Write
0 0 1 1 1 X Continue Burst, SDR Write
0 1 0 1 1 X Continue Burst, DDR Read
0 1 1 1 1 X Continue Burst, SDR Read
X X X 1 0 X NOP (High-Z cycle n+1)
1 0 X 1 X X NOP (High-Z cycle n+2)

Burst Order Definition

The DC state of the LBO pin determines the burst order of the addresses, given the starting address in a
Load operation (B1 = 0). The following table defines the order of addresses for the two different states of
LBO.

Address Sequence when LBO = Vpp (Interleave Burst)

SA1 SAO0 SA1 SAO0 SA1 SAO0 SA1 SAO0
Starting address 0 0 0 1 1 0 1 1
Second address 0 1 0 0 1 1 1 0
Third address 1 0 1 1 0 0 0 1
Fourth address 1 1 1 0 0 1 0 0

Address Sequence when LBO = Vgg (Linear Burst)

SA1 SAO0 SA1 SAO0 SA1 SAO0 SA1 SAO0
Starting address 0 0 0 1 1 0 1 1
Second address 0 1 1 0 1 1 0 0
Third address 1 0 1 1 0 0 0 1
Fourth address 1 1 0 0 0 1 1 0

CBLBCds.fm.00
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IBM043616CBLBC
IBM041816CBLBC
16Mb (512K x 36 & 1M x 18) SRAM

Clock Truth Table

CK B1 (n) B2 (n) B3 (n) DQ (n) DQ(n+1) | DQ(n+1.5) MODE
Lo>H L H H X Doy 0-35 Pre"ﬁ:deata Read Cycle SDR
L—H L H L X Doyt 0-35a Doyt 0-35b Read Cycle DDR
L—H L L H X Dy 0-35 X Write Cycle SDR
L—>H L L L X D)y 0-35a Dy 0-35b Write Cycle DDR
L—H H L X X High-Z High-Z NOP (Deselect) Cycle
L—H H H X Continue Burst Operation
Output Enable Truth Table
Operation (n, n + 1) G (n) G(n+1) DQ (n) DQ (n+1)
Read L L X Doyt 0-35
Read H H High-Z High-Z
Write L L X High-Z
NOP L L X High-Z
Absolute Maximum Ratings
Symbol Parameter Rating Units Notes
Vb Power Supply Voltage -0.5t02.825 Vv 1
Vbba Power Supply Voltage -0.5t0 2.825 \ 1
Vin Input Voltage -0.5102.825 \Y, 1
Vour Output Voltage -0.5 t0 2.825 \Y; 1
Ty Operating Temperature 0to+110 °C 1
Tstg Storage Temperature -55to +125 °C 1
lout Short Circuit Output Current 25 mA 1

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at these or any other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reli-
ability.

CBLBCds.fm.00
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IBM043616CBLBC
IBM041816CBLBC
16Mb (512K x 36 & 1M x 18) SRAM

Recommended DC Operating Conditions (T,=01t085°C)

Symbol Parameter Min. Typ. Max. Units Notes
Vbp Supply Voltage 2.5V -5% 25 2.5V + 5% \Y 1
Vbba Output Driver Supply Voltage 14 1.8 1.9 Vv 1
ViH Input High Voltage VRer +0.1 Vppq + 0.3 \Y; 1,2
ViL Input Low Voltage -0.3 VRer - 0.1 \Y 1,3
VRer Input Reference Voltage 0.68 .9 1.0 \' 1,6
VIN - CLK Clocks Signal Voltage -0.3 Vppq + 0.3 \Y; 1,4
VDIF - cLk Differential Clocks Signal Voltage 0.1 Vppq + 0.6 \Y 1,5
VeM - LK Clocks Common Mode Voltage 0.55 1.0 \' 1

All voltages referenced to Vgg. All Vpp, Vppq, and Vgg pins must be connected.
Vig(Max)DC = Vppq + 0.3V, V|y(Max) AC = Vppq +0.85 (pulse width < 2ns).

V,L(Min)DC =-0.3 V, V| (Min)AC = -1.5V (pulse width < 2ns).

V|N-CLK Specifies the maximum allowable DC excursions of each differential clock (CK, CK).
Vpie-cLk specifies the minimum clock differential voltage required for switching.
Peak-to-peak AC component superimposed on VReg may not exceed 5% of VReg

I

DC Electrical Characteristics (T, =0to +85°C, Vpp= 2.5V +5%) (Page 1 of 2)

Symbol Parameter Min. Max. Units Notes
-22 800
-24 750
x36 mA 1
-27 700
| Average Power Supply Operating Current -30 640
ep (lout =0, Vin= Vi or Vi) 20 625
-24 540
x18 mA 1
-27 515
-30 470
Power Supply Standby Current
ISB (SS = VIH. All other mputs = V|H or V||_. 200 mA 1
loutr=0)
Input Leakage Current, any input
lu (Vin = Vss or Vppq) 2 *2 HA
| Output Leakage Current 5 5
Lo (Vout = Vss of Vppa, DQ in High-2) : + HA

loyt = Chip Output Current.

. Minimum Impedance Output Driver.

For JTAG inputs only.

. JTAG output current leakage is not provided since it is not driven; it is an output only.

Mo~

CBLBCds.fm.00
June 3, 2002 Page 9 of 25



IBM043616CBLBC
IBM041816CBLBC
16Mb (512K x 36 & 1M x 18) SRAM

DC Electrical Characteristics (T, =0to +85°C, Vpp = 2.5V +5%) (Page 2 of 2)

Symbol Parameter Min. Max.
Output High Level Voltage
VoH (Ioh = -6MA) Vbpq-0.4 Vbba
Output Low Level Voltage
VOL (IOL _ +6mA) VSS VSS +0.4
| JTAG Leakage Input Current 20 10
LIJTAG (Vin = Vss or Vpp) ) *
| JTAG Leakage Output Current
LOJTAG

louT = Chip Output Current.

Minimum Impedance Output Driver.

For JTAG inputs only.

JTAG output current leakage is not provided since it is not driven; it is an output only.

Mo~
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Units

pA

Notes
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IBM043616CBLBC
IBM041816CBLBC
16Mb (512K x 36 & 1M x 18) SRAM

Programmable Impedance Output Driver DC Electrical Characteristics

(Tp=0to +85°C, Vpp = 2.5V + 5%)
A DD

Symbol Parameter Min.
Vou Output High Voltage Vbpa/ 2
VoL Output Low Voltage Vss

—_

lon = (Vopq/2) / (RQ/5) + 15% @ Vou = Vppq / 2 (for: 1750 < RQ < 3500).

2. |o|_ = (VDDQ / 2) / (RQ / 5) +15% @ VOL = VDDQ /2 (fOl": 175Q <RQ < 350Q).

3. Parameter tested with RQ = 250Q and Vppg= 1.8 V.

PBGA Thermal Characteristics

Symbol Parameter

ReJC Thermal Resistance Junction to Case

Capacitance (T,=0to +85°C, Vpp=2.5V +5%, f = 1MHz)

Symbol Parameter
Cin Input Capacitance
Cout Data I/0O Capacitance (DQ0-DQ35)

AC Input Characteristics (T,=0to +85°C, Vpp= 2.5V + 5%)

Symbol Parameter Min.
Viy(ac) | AC Input Logic High VRer + 400
V| (ac) AC Input Logic Low

Vpr (ac) Clock Input Differential Voltage 800

VRer (ac) | Vger Peak-to-Peak AC Voltage

—_

2. SRAM performance is a function of clock input differential voltage (V).

Max.

Vbba

Vbpa/2

Test Condition
V|N = OV

Vour =0V

Max.

VRer - 400

5% VRer (dc)

Units

Rating

Max.

Units
mV

mV
mV

mV

. The peak-to-peak AC component superimposed on Vggg may not exceed 5% of the DC component of Vggg.

Notes
1,3

2,3

Units

°C/W

Units
pF

pF

Notes
3,4
3,4

2,3

3. To guarantee AC characteristics; V|, V|, Tises @nd Tg,, of the inputs and clocks must be within 20% of each other. If these condi-

tions are not met then:

* Setup time is measured from clock crossing to inputs at their switched V yac, Vi ac levels.

* Hold time is measured from clock crossing to inputs switching out of their valid Viyac, V| ac levels.

4. See AC Test Loading on page 12.

CBLBCds.fm.00
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IBM043616CBLBC
IBM041816CBLBC
16Mb (512K x 36 & 1M x 18) SRAM

AC Input Definition

Vi (ac)
VREF

Vi (ac)

AC Test Loading

50Q

— () 500 ) M = 0.9V

25Q 5pF T
00 =)\
50Q

500 L : M = 0.9V
5pF I

0.9V

AC Test Conditions (T,=0to +85°C, Vpp=2.5V = 5%, Vppq = 1.8V)

Symbol Parameter Conditions Units Notes
ViH Input High Level 1.5 \Y 2
ViL Input Low Level 0.3 Y 2

VRer Input Reference Voltage 0.9 \' 2

VDIF-CLK Differential Clocks Voltage 1.2 \' 2

VeoM-CLK Clocks Common Mode Voltage 0.9 \' 2
TR Input Rise Time 0.5 ns 2
T Input Fall Time 0.5 ns 2

1/0 Signals Reference Level (except CK clocks) 0.9 Vv 2
Clocks Reference Level Differential Cross Point \ 2
Output Load Conditions 1

1. See AC Test Loading on page 12.
2. Due to tester limitations and applied guardbands, the part is tested to AC test conditions and not worst-case specification condi-
tions. For application robustness, it is recommended that at a minimum AC test conditions are applied.

CBLBCds.fm.00
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IBM043616CBLBC
IBM041816CBLBC
16Mb (512K x 36 & 1M x 18) SRAM

AC Characteristics (T, =0to+85°C, Vpp=2.5V +10/- 5%)

-22 -24 -27 -30
Symbol Parameter Units | Notes
Min. | Max. | Min. | Max. | Min. | Max. | Min. = Max.
tknkn | Cycle Time 2.2 2.4 2.7 3.0 ns
tknkL | Clock High Pulse Width 1.0 1.0 1.3 1.4 ns
tkikH | Clock Low Pulse Width 1.0 1.0 1.3 1.4 ns
tavkn |Address Setup Time 0.25 0.25 0.3 0.3 ns 1,857
tknax | Address Hold Time 0.25 0.25 0.3 0.3 ns 1,8,5,7
tsvkn | Function Control (B1, B2, B3) Setup Time 0.25 0.25 0.3 0.3 ns 1,8,5,7
tknex | Function Control (B1, B2, B3) Hold Time 0.25 0.25 0.3 0.3 ns 1,8,5,7
tpvky |Data In Setup Time 0.21 0.21 0.25 0.25 ns 1,8,5,7
tkupx | Data In Hold Time 0.21 0.21 0.25 0.25 ns 1,8,5,7
tinew | Input Pulse Width 0.8 0.8 1.0 1.0 6
. ' tKHKL | tKHKLF | tKHKL | tKHKLF | tKHKL | KL | TKHKL | e
t Echo Clock High Pulse Width 1,2
cheL Echo Clock (CQ) High Pulse Wid 01 01 01 04 01 01 01 o1 "™ 125
' tikHT | KLk | tKLKH | TKLKHF | TKLKH | tRLkHF | TRk | TRkt
t Echo Clock (CQ) Low Pulse Width 1,25
cLe  Echo Clock (CQ) Low Pulse Wi 01 01 01 01 01 01 01 o1 ™
texcy S;ﬁjk (CK) crossing to Echo Clock (CQ) 08 21 08 21 08 20 08 17 ns | 1,35
tkxqv | Clock (CK) crossing to Output Valid 0.8 2.1 0.8 2.1 0.8 2.0 0.8 1.7 ns 1,5
tkxaz | Clock (CK) crossing to Output High-Z 0.8 2.1 0.8 2.1 0.8 2.0 0.8 1.7 ns 1,5
tkxaLz | Clock (CK) crossing to Output Active 0.8 2.1 0.8 2.1 0.8 2.0 0.8 1.7 ns 1,5
t Echo Clock (CQ) Valid to Output Valid 0.15 015 -0.15 015 -0.15 045  -02 02  ns 1,245
QVTRK Tracking (tKXCV - tKXQV) : ) ) ) . . : . »E
t Echo Clock (CQ) Valid to Output High-Z o 45 545 015 015 015 -02 02 ns 1,245
QZTRK " Tracking (tkxcv - tkxaz) ' ' ' ' ' ' ' ' e
i Echo Clock (CQ) Valid to Output Active 0.2 0.2 02 | 02 0.2 0.2 02 0.2 ns 11245
QLZTRK Tracking (tkxcv - tkxalz) ’ ’ ' ' ’ ’ ’ ' e
tgHaz |Output Enable (G) High to High-Z 0.3 1.7 0.3 1.7 0.3 1.7 0.3 2.0 ns 2
tgLav | Output Enable (G) Low to Output Valid 0.3 1.7 0.3 1.7 0.3 1.7 0.3 2.0 ns 2
1. See AC Test Loading on page 12.
2. These parameters may not be tested at the values shown in this table, and may only be guaranteed by design.
3. Echo Clock (CQ) Valid refers to CQ and CQ rising and falling edges.
4. The tracking between echo-clock access times and DQ access times is across all cycle boundaries for any given SRAM address

oo

and function pattern.
CK and CK clocks must be used differentially in order to meet specification.
Inputs to switch a maximum of once per applied cycle. For example, Data equals (Txykn)/2; Address and Controls equal Txpkp-
To guarantee AC characteristics; V|, V|1, Tiise, @nd Ty, of inputs and clocks must be within 20% of each other. If these conditions
are not met then:

» Setup time is measured from clock crossing to inputs at their switched V|yac, VLac levels.

* Hold time is measured from clock crossing to inputs switching out of their valid V|yac, ViLac levels.
Guaranteed by design and tested without guardband.

CBLBCds.fm.00
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IBM043616CBLBC
IBM041816CBLBC
16Mb (512K x 36 & 1M x 18) SRAM

Timing Diagram (Read and NOP Cycles)

SDR READ

— tkikH

SDR READ

—  tkHkH  —

DDR READ

DDR READ

CONTINUE
BURST

cQ,ca

DQ
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IBM043616CBLBC
IBM041816CBLBC
16Mb (512K x 36 & 1M x 18) SRAM

Timing Diagram (Read, Write Cycles)

SDR Read SDR Write DDR Write DDR Write Continue Continue Continue
Burst Burst Burst

— tkH — tkHKH —

—| WHKL — |

B1

B3

0]

cQ,cQ
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IBM043616CBLBC
IBM041816CBLBC
16Mb (512K x 36 & 1M x 18) SRAM

IEEE 1149.1 TAP and Boundary Scan

The SRAM provides a limited set of JTAG functions intended to test the interconnection between SRAM I/Os
and printed circuit board traces or other components. There is no multiplexer in the path from the 1/O pins to
the RAM core.

In conformance with IEEE standard 1149.1, the SRAM contains a TAP controller, instruction register, bound-
ary scan register, bypass register, and ID register.

The TAP controller has a standard 16-state machine that resets internally upon power up; therefore, a TRST
signal is not required.

Signal List:

¢ TCK: Test Clock

e TMS: Test Mode Select
e TDI: Test Data In

e TDO: Test Data Out

JTAG Recommended DC Operating Conditions (T, =0 to 85°C)

Symbol Parameter Min. Typ. Max. Units Notes
Vinq JTAG Input High Voltage 1.7 — 2.8 Vv
VL1 JTAG Input Low Voltage -0.3 — 0.8 \Y,
VoH1 JTAG Output High Level 2.1 — — v 2
VoL1 JTAG Output Low Level — — 0.2 Y 1

1. OH1 = -2mA at 2.1V.
2. L1 =+2mA at 0.2V.

JTAG AC Test Conditions (T,=0to +85°C, Vpp=2.5V +5%)

Symbol Parameter Conditions Units Notes
ViHi Input Pulse High Level 2.0 \Y
VL4 Input Pulse Low Level 0.0 \Y
Tgry Input Rise Time 2.0 ns
Tk Input Fall Time 2.0 ns
Input and Output Timing Reference Level 1.0 \Y 1

1. See AC Test Loading on page 12.

CBLBCds.fm.00
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JTAG AC Characteristics (T,=0to +85°C, Vpp=2.5V +5%)

Symbol

trHTH
trHTL
triTH
tmvTH
trHmx
tovTH
trHpx

trLov

TCK Cycle Time

TCK High Pulse Width
TCK Low Pulse Width
TMS Setup

TMS Hold

TDI Setup

TDI Hold

TCK Low to Valid Data

1. See AC Test Loading on page 12.

JTAG Timing Diagram

TCK
_/

TMS

CBLBCds.fm.00
June 3, 2002

TDO

f——

trHTL —

Parameter

Min.

20

7

~— trrH

tovtH

trHDX

IBM043616CBLBC
IBM041816CBLBC

16Mb (512K x 36 & 1M x 18) SRAM

Max.

131711 I ——

tmvTH

Units Notes
ns
ns
ns
ns
ns
ns
ns
ns 1
trHMx

=~ trLov
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IBM043616CBLBC
IBM041816CBLBC
16Mb (512K x 36 & 1M x 18) SRAM

Scan Register Definition

Register Name Bit Size x18
Instruction 3
Bypass 1
ID 32
Boundary Scan'-? 49

1. The boundary-scan chain consists of the following bits:
* 36 or 18 bits for data inputs depending on x36 or x18 configuration
* 19 bits for SAO-SA18 for x36; 20 bits for SAO-SA19 for x18
4 or 2 bits for CQ and CQ clocks depending on x36 or x18 configuration
* 9 bits for CK, CK, ZQ, LBO, B1, B2, B3, MODE and G

Bit Size x36
3
1
32

68

2. CKand CK clocks connect to a differential receiver that generates a single-ended clock signal. This signal and its inverted value
are used for boundary-scan sampling. CQ and CQ clocks are sampled from the CK and CK boundary-scan register inputs.

ID Register Definition

Field Bit Number and Description

Part Revision Number
(31:28)

IBM Internal Use Configuration (27:19)

1Mx 18 XXXX 011100001

512K x 36 XXXX 011011110

Page 18 of 25

Device Density and Vendor Definition

Manufacture JEDEC Start

Code (11:1) Bit(0)

00010100100 1
00010100100 1

CBLBCds.fm.00
June 3, 2002



Instruction Set

Code
000
001
010
011
100
101
110

111

1. Places DQs in High-Z in order to sample all input data regardless of other SRAM inputs.

Instruction
SAMPLE-Z
IDCODE
SAMPLE-Z
PRIVATE
SAMPLE
PRIVATE
PRIVATE
BYPASS

16Mb (512K x 36

IBM043616CBLBC
IBM041816CBLBC
& 1M x 18) SRAM

Notes

A x| &

2. BYPASS register is initialized to Vgg when BYPASS instruction is invoked. The BYPASS register also holds the last serially-loaded

TDI when exiting the Shift DR state.
3. SAMPLE instruction does not place DQs in High-Z.

4. PRIVATE is reserved for the exclusive use of IBM. Invoking this instruction will cause improper SRAM functionality.

This part has not been designed to comply with the following sections of IEEE 1149.1:

e 7.21.b, e
o 7.7.1.af
10.1.1.b, e
10.7.1.a—d

CBLBCds.fm.00
June 3, 2002
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IBM043616CBLBC
IBM041816CBLBC

16Mb (512K x 36 & 1M x 18) SRAM

Boundary Scan Order (x36)

Exit Order

10

11

12

13

14

15

16

17

18

19

20

21

22

23

1. Mode will scan out the value placed on the Mode pin, or if the Mode pin is floated, Mode will scan Vgg.

Page 20 of 25

Signal
SA1
SAO0
SA2
SA3
SA4
DQ2
DQ5
DQ3
DQO
DQ6
ca
DQ7
DQ1
DQ4
DQs8

MODE!
CK
CK

G
DQ9
DQ13
DQ16

DQ10

Bump #
5R
5T
6R
7T
7P
8T
9T
8P
7™
9P
8M
M
7K
8K
9K
6L
5H
5G
5C
9H
8H
7H

9F

Exit Order

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Signal
cQ
DQ11
DQ17
DQ14
DQ12
DQ15
SA5
SA6
SA7
SA8
SA9
SA10
SA11
SA12
SA13
SA14
SA15
SA18
DQ20
DQ23
DQ21
DQ18

DQ24

Bump #
8F
9D
7F
8D
9B
8B
7D
7C
7B
7A
6C
6A
4A
4C
3A
3B
3C
3D
2B
1B
2D
3F

1D

Exit Order

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

Signal
cQ
DQ25
DQ19
DQ22
DQ26
ZQ
B1
B2

B3

DQ27
DQ31
DQ34
DQ28
cQ
DQ29
DQ35
DQ32
DQ30
DQ33
SA16

SA17

Bump #

2H
1H
5A
5B
5K
5L

4L

3M
2P
1T
2T
3T

4R

CBLBCds.fm.00
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IBM043616CBLBC
IBM041816CBLBC
16Mb (512K x 36 & 1M x 18) SRAM

Boundary Scan Order (x18)

Exit Order Signal Bump # Exit Order Signal Bump #
1 SA1 5R 26 SA11 4A
2 SA0 5T 27 SA12 4C
3 SA2 6R 28 SA13 3A
4 SA3 7T 29 SA14 3B
5 SA4 7P 30 SA15 3C
6 DQ1 8T 31 SA18 3D
7 DQ2 9P 32 DQ10 2B
8 cQ 8M 33 DQ11 1D
9 DQO 7K 34 cQ oF

10 DQ3 9K 35 DQ9 3H
11 MODE! 6L 36 DQ12 1H
12 CK 5H 37 ZQ 5A
13 CK 5G 38 B1 5B
14 G 5C 39 B2 5K
15 DQ6 8H 40 B3 5L
16 DQ4 9F 41 LBO 4L
17 DQ8 7F 42 DQ15 2K
18 DQ7 8D 43 DQ13 1M
19 DQ5 9B 44 DQ17 3M
20 SA5 7D 45 DQ16 2P
21 SA6 7C 46 DQ14 1T
22 SA7 7B 47 SA19 3P
23 SA8 7A 48 SA16 3T
24 SA9 6C 49 SA17 4R
25 SA10 6A

1. Mode will scan out the value placed on the Mode pin, or if the Mode pin is floated, Mode will scan Vgg.
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IBM043616CBLBC
IBM041816CBLBC

16Mb (512K x 36 & 1M x 18) SRAM

TAP Controller State Machine

Test Logic Reset

A

0

0
( Run Testldle

> elect IR

0
y
Shift DR 0
1
Y
0
' 0
Pause DR

0

T

n
Q
c
3
J‘Ai‘_‘i‘ox’ =
° o

e IR

Page 22 of 25

CBLBCds.fm.00
June 3, 2002



IBM043616CBLBC
IBM041816CBLBC
16Mb (512K x 36 & 1M x 18) SRAM

9 x 17 BGA Dimensions

3 20,32 Aj‘4—084
r ?@ Solder Ball 0.889 + 0.04 diameter
&ooooooooooooooo;};—ij
0000D0D000DO0O0O0OOOOO r 2
oooooooooooooooooT3
0O00D0D0DO0DO0DODODODOOOOOOO | 4
0O00DO00D0ODO0OODOOOOOOOOG O] DB 1016 12.294
0000D0D0O0D0DO0O0O0ODODOOOOO]| 6
0O00D0D0DO0DO0DODODODODOOOOOO]| 7
4-00000000000O0O O%4—28
1921$—<}oooooooooooooo$—~9
2 e Crar
ABCDEFGHJIUKLMNPRTU
< 22.00
< 19.968 >

11.968 14

| |
| |
Flush to 1.4 Max > | \ 127
| |
| \

L iiiiiii
Indicates A1 _| _) . \ J/ v v

Location X l v
L—J M Chip
2,618+ 0.254
618+025 Under fill
81G5788 Plate
0.725 0.2
Plate
0.0826 + 0.0254 0.1778 -1 / Under fill
b VapL 2549+ 0.13
0.701 £ 0.099 4 ! !

0.71 £0.05 j

Note: All dimensions are in millimeters.

CBLBCds.fm.00
June 3, 2002 Page 23 of 25



IBM043616CBLBC
IBM041816CBLBC
16Mb (512K x 36 & 1M x 18) SRAM

Revision Log

Rev

June 3, 2002 Initial release (00).
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