@ MOTOROLA MCM14552

CMOS LSI

256-BIT STATIC RANDOM ACCESS MEMORY (LOW.POWER COMPLEMENTARY MOS|

The MCM14552 is a static random access memory (RAM) organ-
ized in a 64 x 4 bit pattern. The three chip enable inputs can be used i
as extensions of the six address inputs, creating 9-bit address scheme. R:I?I?)(B)gl' Ls(;‘CxE‘S”S ?JEAJ(I)%Y
Eight MCM 14552 devices may be used to comprise a 2048-bit mem-
ory (512 x 4) without additional address decoding,

The mode controt (M) is used to change the control logic charac-

teristic of the circuit. For example, with M high, the 3-state input
(T} fully controls the 3-state characteristic of the output. With M
low, the output 3-state characteristic is controlled by chip enable
inputs (CE), write enable input (WE) and T.

The memory is designed so that dc signals may operate the mem-
ory, with no maximum pulse width restrictions.

Medium speed, micropower operation, and control flexibility
make the device useful in scratch pad or buffer applications where
battery operation or high noise immunity are required.

. L L SUFFIX
® Quiescent Current = 50 u A/package typical @ 5 Vde CERAMIC PACKAGE
® Noise Immunity = 46% of Vpp typical CASE 623
® 3-state Output Capability for Memory Expansion
® Output Data Latch Eliminates Need for Storage Buffer
® Access Time = 700 ns typical @ Vpp = 10 Vdc
® Fully Decoded and Buffered
® Supply Voltage Range = 3.0 Vdc to 18 Vdc P SUFFIX
® Capable of Driving Two Low-power TTL Loads, One Low-power PLASTIC PACKAGE
Schottky TTL Load or Two HTL Loads Over the Rated Temper- CASE 709
ature Range ORDERING INFORMATION
MCM14X XX Suffix Denoctes
E L Ceramic Package
NOTE: Pin 20(L.E)) must be connected to Vgg P Plastic Package
A Extended Operating
Temperature Range
C Limited Operating
MAXIMUM RATINGS {Voltages referenced to Vss) Temperature Range
Rating Symbol Value Unit
DC Supply Voltage Vob -0.510 +18 Vde T
Input Volitage, All Inputs Vin -0.5t0 Vpp + 0.5 Vdc PIN ASSIGNMEN
DC Current Drain per Pin | 10 mAdc s “_/ v 20
Operating Temperature Range — AL Device Ta -55to +125 oc —_ ’bo
CL/CP Device -40 to +85 2C]sT CE1 23
Storage Temperature Range Tstg -65 to +150 oc 3] oouwro ce2 ] 22
4oimg  CE3[ 2
s 0o LE[TJ20
6] Diny T e
This device contains circuitry to protect the inputs against damage due to high 7 [: Doyt 2 A5 :] 18
static voltages or efectric fields; however, it is advised that normal precautions be 8 (4 oj, 2 A4 7
taken to avoid application of any voltage higher than maximum rated voitages 9 A3 16
to this high impedance circuit. For proper operation it is recommended that O Dout 3 2 -
Vin and V¢ be constrained to the range Vgg << (Vin of Vo) < Vpp- 107 Din3 A2 [M]1s
R 1 WE Al 14
Unused inputs must aiways be tied to an appropriate logic voltage level (e.g., either A0 -
Vg or VpD. 12 Vssg [13
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MCM 14552

ELECTRICAL CHARACTERISTICS

VpD Tiow” 25°C Thigh*
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Qutput Voliage 0" Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 Vdc
Vin Vppor0 10 - 0.05 - 0 0.05 - 0.05
15 - 0.05 - 9] 0.05 — 0.0
17 Level VOH 5.0 495 - 4.95 5.0 - 4.95 - Vdc
Vin OorVpp 10 9.95 - 9.95 10 - 9.95 -
15 14.95 — 14 .95 15 — 14.95 —
Input Voitage “Q"" Level ViL Vde
(Vg 4.50r05 Vde) 5.0 15 - 2.25 1.5 - 15
(Vg 90o0r1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0
(Vg 135 0r 1.5 Vdc) 15 - 4.0 6.75 4.0 - 4.0
1" Leve! ViH
(Vg - 0.5 or 4.5 Vde) 5.0 35 - 35 2.75 - 35 - Vdc
(Vg 1.00r9.0Vvdc 10 70 - 7.0 550 - 7.0 -
(Vo = 150r 13,5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -
Output Drive Current (AL Device) 1oH mAdc
(VoH - 2.5 Vdc} Source 5.0 -1.2 - -1.0 -1.7 - ~0.7 -
(VoH - 4.6 Vde) 5.0 -0.25 - -0.2 -0.36 - -0.14 -
(VoH = 9.5 vdc) 10 -0.62 - -0.5 ~0.9 - -0.35 -
{(VoH ~ 13.5 Vde) 15 -18 - -15 -35 - -1 -
(VoL = 0.4 Vdc!) Sink loL 5.0 0.64 - 0.61 0.88 - 0.38 - mAdc
(VoL = 0.5 Vdc) 10 1.6 - 13 2.25 - 09 -
(VoL = 1.5 Vde) 15 a2 -~ 3.4 8.8 - 24 -
Output Drive Current (CL/CP Device) IoH mAdc
(Vou 25 Vade) Source 5.0 -1.0 - -0.8 -1.7 - -0.6 -
{(VoH = 4.6 Vdc) 50 -0.2 - -0.16 -0.36 - -0.12 -
(VoH =~ 9.5 Vdcl) 10 -0.5 - -04 -0.9 - -0.3 -
(Von = 135 Vde) 15 -1.4 - -1.2 -3.5 - -1.0 -
(VgL = 0.4 Vdc} Sink oL 5.0 052 - 044 0.88 - 0.36 - mAdc
(VoL - 0.5 Vde) 10 13 - 11 2.25 - 09 -
(Vo = 1.5 Vdc) 15 36 - 3.0 8.8 - 24 -
input Current (AL Device) fin 15 - +0.1 - +0.00001 | +0.1 - £1.0 pAdc
Input Current {CL/CP Device) lin 15 1.0 - +0.00001 | +1.0 - +14.0 rAde
Input Capacitance Cin - - - 5.0 7.5 - - pF
{Vin - 0}
Quiescent Current {AL Device) oD 5.0 ~ 5.0 - 0.050 5.0 - 150 #Adc
(Per Package) 10 10 0.100 10 - 300
15 20 - 0.150 20 - 600
Quiescent Current (CL/CP Device) 15)s) 5.0 - 50 0.050 50 - 375 uAdc
(Per Package) 10 - 100 - 0.100 100 - 750
15 — 200 — 0.150 200 — 1500
Total Supply Current* "1 IT 5.0 IT {1.98 pA/kHz) f + IDD uAdc
{Dynamic pius Quiescent, 10 1T (3.96 nA/kHz} t + IpD
Per Package) 15 I7 ~(5.86 wA/kHZ) f + DD
{CL 50 pF on all outputs, all
buffers switching)
Three-State Leakage Current Ity 15 - +01 +0.00001 | +01 - +3.0 HAdc
{AL Device)
Three-State Leakage Current ITL 15 - 1.0 - «0.00001| £1.0 - +75 HAdc
{CL/CP Device!

*Tiow -550C for AL Device, -40°C for CL/CP Device
Thigh = +125°C for AL Device, +85%C for CL/CP Device.
=Noise immunity specified for worst-case input combination.
Noise Margin for both “1"" and “0"" level = 1.0 Vdc min @ Vpp - 5.0 Vdc
2.0 Vdcmin@ Vpp - 10 Vde
25Vdemin@ Vpp -~ 15 Vdc
tTo calculate total supply current at loads other than 50 pF:
IT{CL) = IT(50 pF} +4 x 10-3 (C|_ -50) Vppf
where: |7 is in uA (per package), C_in pF, Vpp in Vdc, and f in kHz is input frequency.
**The formulas given are for the typicat characteristics only at 25°C
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MCM14552

SWITCHING CHARACTERISTICS* (C =50pF, T = 25°C)

Characteristic Figure Symbol Vpp Min Typ Max Unit
Qutput Rise Time 1 tTTLH ns
tTLH = (3.0ns/pF) CL +30 ns 5.0 — 180 360
tTLH = (1.5 ns/pF) C + 25 ns 10 — 90 180
tTLH = (1.1 ns/pF) C|_ + 10 ns 15 - 65 130
Output Fall Time 1 tTTHL ns
tTHL = (1.5 ns/pF) C + 25 ns 5.0 — 100 200
tTHL = (0.7 ns/pF) C|_ + 125 ns 10 — 50 100
tTHL = {0.55 ns/pF) C|_ +98.5 ns 15 - 40 80
Read Cycle Time 1,2 teyc(R) 5.0 - 2000 6000 ns
10 - 750 2200
15 - 500 1650
Write Cycle Time 3,4 toyc(W) 5.0 - 1200 3600 ns
10 — 750 2200
15 - 500 1650
Address to Strobe Setup Time 1,3 t5u(AST) 5.0 1500 500 - ns
i 10 450 150 -
15 350 120 —
Strobe to Address Hold Time 1,3 th{ST-A) 5.0 150 50 — ns
10 100 0 -
15 75 [ - ]
Address to Chip Enable Serup Time 2,4 tsu(A-CE) 5.0 1800 600 - ns
10 600 200 -
15 450 150 —
‘Chip Enable to Address Hold Time 2,4 th(CE-A) 5.0 450 150 - ns
10 300 100 -
15 225 75 -
Strobe or Chip Enable Pulse Width When Reading 1,2 WL(R) 5.0 1800 450 - ns
10 450 150 -
15 350 100 -
Strobe or Chip Enable Pulse Width When Writing 3,4 TWLIW) 5.0 3600 1200 - ns
10 1800 600 -
15 1350 400 -
Read Setup Time 1 Lu(R) 5.0 0 -100 - ns
i 10 0 -40 -
15 0 ~-30 -
Read Hold Time 1 th(R) 5.0 540 180 — ns
10 240 60 -
B 15 180 45 =
Data Setup Time 3.4 tsu(D) 5.0 1800 600 — ns
10 600 200 -
15 450 150 -
Data Hold Time 3,4 th{D} 5.0 600 200 - ns
10 150 50 —
15 120 30 -
*The formula given is for the typical characteristics only. {continued)

3-22



MCM 14552

SWITCHING CHARACTERISTICS*

(CL = 50 pF, T = 25°C) (continued)

Characteristic Figure [ Symbol [ Vpp l Min Typ Max Unit
Write Enable Setup Time 3.4 \ tsu(WE) [ 5.0 720 240 - ns
10 240 80 -
’ 15 180 55 -
Write Enable Hold Time 3,4 th(WE) | 50 150 50 - ns
; 10 60 20 —
1 | 15 45 15 -
Read Access Time from Strobe 1.3 1 tacc(R-ST) Y - 2000 6000 ns
;10 - 700 2100
! I 1s - 350 1600
- - - R P S
Read Access Time from Chip Enable 2 T‘acc(R-CTE) . 5.0 - 2100 6300 ns
10 - 750 2250
I | ] 15 — 400 1700
Output Enable/Disable Delay from Chip Enable or 2.4 tR(CE), 5.0 - 400 1200 ns
Write Enable | RWE) 10 - 200 600
[ L S L P 150 450 S
Three-State Enable/Disable Output Delay 2 ‘ 1T 5.0 — 400 1200 ns
10 - 160 480
| 15 - 120 360
Latch to Output Propagation Delay 1 | t[E 5.0 1 — 500 1500 ns
1 | 10 - i 200 600
o 777] R 15 - l 150 450
*The formula given is for the typical characteristics only.
Din Djn Din Din
o 1 2 8 T
LOGIC DIAGRAM 4 6 8 10 gl 10
9 ¢ ¢ 9 "0
M 10—
WE 11 o—(>0
5T 2 O
Write
Cer 23 = Cireunry
CE2 22 ce
e [ [ 1]
A5 18 O—
3108 r_\(—4
A4 17 O- ° 0o Qo J 03 Douto
Decoder 64 x4 r_\(—q
A3 16 O D1 a1 ] } 05 Dgye 1
Memory Latches
A2 15 O— Array
3tw8
D3 4—{ /_—)——O
AT 140 Decoder Qs 9 Dout3
A0 130 Vpp = Pin 24
Vgg = Pin 12
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MCM 14552

FIGURE 1 — READ CYCLE WAVEFORMS UTILIZING STROBE TO ACCESS MEMORY

teyc(R)
Voo
Address 50%
" — Vss
su . —  h(AST)
(AST)
— T\ y Vb
Strobe ‘ 7 50%
Vss
TWL(R)
o v
Write Enable 50% oD
R —— -1
tsu(R) b —»J (R}
- Vbp
Latch Enable / 50%
Vss
~—* tacc(R 5T) [+ 'LE
v
Data Out 90% o]
10%
VoH
TLH, t‘rb—n_—’l
Notes 1 1, CE2,CE3 and T are low, M is high

N
EE

may be held high during the complete read cycle.

FIGURE 2 — READ CYCLE WAVEFORMS UTILIZING CHIP ENABLE TO ACCESS MEMORY

teye(R)
VoD
Address 50%
th(A CTE) e TWL(R)——
Voo
50% \
Vss

" tsu(A-CE)

Chip Enabie

ThreeState

——=| taigE I‘ - *{ tR(CE) }'— —
Data Qut V 2

Notes: 1 Unused CE, 5T, M and T are low and WE is high.
2 - High impedance output state occurs when any CE is high
and M is low, or when T is high.
3 - The output displays data from the previous state
4 - WEL(R) # tacc(R CE)max

3-24



MCM 14552

FIGURE 3 — WRITE CYCLE WAVEFORMS UTILIZING STROBE

Teye(w)
VbD
Address
— Vss
th(A-ST) le tsu(A-ST)
e WL (W)} ———
[7 Vpo
Strobe _ K
| — Vss
—
ey (WE) |
[ Vpb
Write Enable
. | Vss
su(D)
th(D)
Voo
Data in
— Vss
tacc(RBT)— tacc (RST)—»
Vou
Data Out 3 4 X 5
— 7 VoL
Notes: 1 - CE1, CE2, CE3 and T are maintained at the logical "0’ level.
2 — M is maintained at the logical *’1"" level.
3 — The output displays the contents of the previous state.
4 — The output displays the contents of the presently addressed location as ina
read modify write cycle.
5 — The output displays the data that was written into addressed location.
FIGURE 4 — WRITE CYCLE WAVEFORM UTILIZING CHIP ENABLE
Toyc(W) —
} VoD
Address
Vss
thiace)—e
tu(A-CE) ™
———————— v
Thip Ensble , oo
Vss

Write Enable

Data In

REE— [+ trEE—-

Data Out V 1

VoH

Notes: 1 — High impedsance output state occurs when CE is high or when
is low, for M and T maintained in the low state.
2 — Unused CE’s, ST, M and T are maintained at the logical “'0"" level.
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MCM14552

TRUTH TABLE

Function CE1 CE2 CE3 T LE M ST WE Din | Dout Camments
Address X X X X X X 1 X X R/A | Dgyy will be active if all
Changing X X 1 X X X X X X R/A | TE=0,T=0and WE = 1
Valid x 1 X X x x X X x R/A [ orifM=1andT=0

1 X X X X X X X X R/A
Address Changing 0 [} 0 X X X 0 X X RIA | Doy will be active i1 T = 0
Not Valid andWE =1oritM=1
and7-0
Doy Disabled
(in high resistance statel| X X 1 x X 0 x x x R | Disables write circuitry
X 1 X X X 0 X X x R
1 X X X X 0 X X X R
X X X 1 X X X X X R T = 1 always disables Doy,
b3 X X x X [ x 0 X R | M- 0and write operation
disables Dy,
Dyt Enabled 0 ) 0 0 X X X 1 X A | Read operation, Dy, active
(in active state! X X X 0 X 1 X x A [TRead or wiite, Doy active
Read Addressed o ) o X 0 X 0 X x RIA | 11 WE =0,0;, - Doyt
Memory Location
Into Output Latch
Disable Reading X X [ X X X X X x RIA
From Memary X 1 X X X X X X X RIA
1 X X X X X X X X RIA
x x X X X x 1 X X RIA
x X x X 3 X X 0 X RiA
Write Into Memory 0 0 0 X X X 0 0 A RIA
Write Disabled X X 1 X X X X X X R/A
X 1 X X x X X X X RIA
1 X X X x X X X x R/A
X X X X X X 1 X X R/A
X X X X X X X 1 X R/A
Output Latch Enabled 0 0 0 X 0 X 0 X X R/A
Output Latch Disabled X x 1 X X X X X X RIA
X 1 X X x X X X X RIA
1 X X X X X X x X R/A
X X X X 1 X X X X R/A
X x 3 x x X 1 X X RiA
R High resistance state at Oy X+ Don't care condition {must be in the 1" o 0" statel
A - Anactve level of either Vpp or Vg 1 Atigh level at Vpp
RIA © An R or A condition depending on the don't care condition 0 Alow level at Vsg

FIGURE 5 — 512 WORD x 16 BIT MEMORY BOARD

Data Inputs

D4 D5 D6 D7 D8 D2 D10D11

11X

00 D1 D2 D3

D12D13D14D15

11y

AllM and CE
inputs are
grounded

MCM14552,
32 places

/
|
|
!

A8 o—

A70

A6

Board Strobe % —

T

D4 D5 D6 D7

Vi

08 DIDI1ODT

P

DO D1 D2 D3

Data Outputs
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